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(54) DISPERSION-SHIFTED OPTICAL FIBER 

(57) The present invention relates to a dispersion- 
shifted optical fiber suitable for an optical transmission 
line having an optical fiber amplifier with a wider amplifi- 
cation band. In particular, the dispersion-shifted optical 
fiber according to the present invention has a zero-dis- 
persion wavelength of 1 61 0 nm or more but 1 670 nm or 
less, and a cutoff wavelength of 1.1 urn or more at a 



length of 2 m in order to suppress the bending loss to a 
practically permissible range, and has, with respect to 
light having a wavelength of 1550 nm, an effective area 
of 50 urn 2 or more and a dispersion slope of 0.15 
ps/nm 2 /km or less in order to suppress the occurrence 
of nonlinear phenomena. 
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Description 
Technical Field 

[0001] The present invention relates to a single- 5 
mode optical fiber usable as a transmission line in opti- 
cal communications and the like; and, in particular, to a 
dispersion-shifted optical fiber suitable for wavelength 
division multiplexing (WDM) transmission. 

10 

Background Art 

[0002] In general, a WDM transmission system 
using optical fiber networks is a system enabling long- 
distance, large-capacity optical data communications, is 
and is constituted by a transmitter/receiver for transmit- 
ting and receiving WDM signals of a plurality of wave- 
lengths (light signals), an optical amplifier such as an 
optical fiber amplifier for amplifying the WDM signals, an 
optical fiber which is a transmission medium, and the 20 
like. In such a WDM transmission system, the wave- 
length band that can optically be amplified in the optical 
amplifier is from 1530 nm to 1560 nm, whereas the low- 
loss wavelength band in the optical fiber is from 1400 
nm to 1700 nm. As a consequence, the wavelength 2s 
band utilizable as the WDM signals in the conventional 
WDM transmission system has substantially been lim- 
ited to a width of about 30 nm from 1 530 nm to 1 560 nm. 
[0003] The amplification of WDM signals by the 
optical amplifier increases the optical power of each 30 
light signal in the optical fiber acting as the transmission 
medium, thereby causing nonlinear phenomena such 
as four-wave mixing, self phase modulation, modulation 
instability, and the like. In particular, the four-wave mix- 
ing causes power variations among the individual signal 35 
components, whereas the self phase modulation dis- 
torts the pulse waveform of each light signal upon an 
interaction with the chromatic aberration of the optical 
fiber (hereinafter referred to as dispersion), whereby the 
occurrence of such nonlinear phenomena limits the nor- 40 
mal transmission of light signal. 

Disclosure of the Invention 

[0004] The inventors have studied the case where a 45 
conventional dispersion-shifted optical fiber is employed 
in a WDM transmission system and, as a result, have 
found problems as follows. 

[0005] Namely, for effectively suppressing the four- 
wave mixing, it is preferred that the wavelength of each so 
light signal be different from the zero-dispersion wave- 
length of the optical fiber. For effectively suppressing 
the self phase modulation, on the other hand, it is pre- 
ferred that the absolute value of dispersion value of the 
optical fiber with respect to each light signal be not so 55 
large. 

[0006] When the four-wave mixing and the self 
phase modulation are compared with each other, the 



distortion in pulse waveform of each light signal caused 
by the self phase modulation can be alleviated to a cer- 
tain extent by a dispersion-compensating technique in 
which a dispersion-compensating optical fiber (having a 
dispersion characteristic with a polarity opposite to that 
of the dispersion value of the optical fiber acting as the 
transmission medium) is inserted in the optical trans- 
mission line through which each light signal propagates, 
so that the dispersion value of the optical transmission 
line as a whole becomes nearly zero. By contrast, no 
technique has been known for compensating for the 
crosstalk between individual light signals caused by the 
four-wave mixing. Therefore, as compared with the self 
phase modulation, it is more important to suppress the 
four-wave mixing. 

[0007] In view of the increase in noise components 
caused by the modulation instability, on the other hand, 
it is preferred that the zero-dispersion wavelength be set 
on the longer, wavelength side from the wavelength 
band of each light signal. Further, letting N2 be the non- 
linear refractive index of the optical fiber, A eff be the 
effective area thereof, P be the power of light the propa- 
gating therethrough, and U tt be the effective length of 
the optical fiber, the amount of occurrence of nonlinear 
phenomena in the optical fiber is given by the following 
expression (1): 

N2-P-L eff / A 9ff . (1) 

[0008] Among these parameters, the nonlinear 
refractive index N2 is determined by the material of the 
optical fiber, whereby it is necessary for the effective 
area A 9ft of the optical fiber to increase in order to 
reduce the amount of occurrence of nonlinear'phenom- 
ena. 

[0009] Here, as shown in Japanese Patent Applica- 
tion Laid-Open No. HEI 8-248251 (EP 0 724 171 A2), 
the above-mentioned effective area A eH is given by the 
following expression (2): 




where E is the electric field accompanying the propagat- 
ing light and r is the radial distance from the center of 
the core region. 

[0010] In the conventional WDM transmission sys- 
tem, as a result of the foregoing studies, it is preferred 
that the zero-dispersion wavelength of the optical fiber 
be restricted to the range of 1560 nm to 1600 nm, and 
that its effective area A Qff be 50 ^m 2 or more. Further, 
for suppressing the increase in loss upon cabling the 
optical fiber, it is preferred that its bending loss be 
smaller, whereby its cutoff wavelength must be set to an 
appropriate value. 

[0011] In the conventional WDM transmission sys- 
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tem, the wavelength distance between the individual 
light signals included in the WDM signals is about 1 nm. 
whereby the actual multiplicity has been limited to about 
30 waves. For enhancing the transmission capacity, 
however, it is desirable that the wavelength multiplicity 
be increased. In this case, while a method of narrowing 
the wavelength distance and a method of enlarging the 
wavelength bandwidth can be considered, the latter is 
preferred in view of the above-mentioned suppression 
of four-wave mixing. 

[0012] On the other hand, the amplification wave- 
length band of the optical fiber amplifier has been 
expanding along with the advance in technology, 
thereby making it possible to amplify the WDM signals 
in a wider wavelength band of 1530 nm to 1610 nm 
(see, for example, A. Mori, et al., "1.5 urn Broadband 
Amplification by Tellurite-Band EDFAs," OFC '97, PD1). 
In contrast, the zero-dispersion wavelength of the con- 
ventional dispersion-shifted optical fiber lies within the 
range of 1560 nm to 1600 nm as mentioned above- 
Therefore, in a WDM transmission system employing 
the optical fiber amplifier having thus expanded amplifi- 
cation wavelength band and the conventional disper- 
sion-shifted optical fiber, there is a possibility that the 
zero-dispersion wavelength of the conventional disper- 
sion-shifted optical fiber may lie within the wavelength 
band that can be amplified by the optical fiber amplifier 
(the signal wavelength band of WDM signals), so that 
the four-wave mixing may occur strongly, whereby the 
WDM signals may not be transmitted normally. 
[0013] In order to overcome the problems such as 
those mentioned above, it is an object of the present 
invention to provide a dispersion-shifted optical fiber 
suitable for an optical transmission line in which an opti- 
cal fiber amplifier having an expanded amplification 
band is installed. 

[0014] The dispersion-shifted optical fiber accord- 
ing to the present invention is a single-mode optical 
fiber comprising a core region extending along a prede- 
termined axis, and a cladding region provided on the 
outer periphery of the core region; wherein a zero-dis- 
persion wavelength is set within a range of 1610 nm or 
more but 1670 nm or less so that the optical fiber is 
employable in a WDM transmission system including an 
optical amplifier having an expanded amplification 
wavelength band. Also, the dispersion-shifted optical 
fiber according to the present invention has a cutoff 
wavelength of 1.1 um or more at a length of 2 m and 
has, with respect to light having a wavelength of 1 550 
nm, which is light in a signal wavelength band, an effec- 
tive area of 50 fim 2 or more, preferably 70 um 2 or more, 
and a dispersion slope of 0.15 ps/nm 2 /km or less. 
[0015] Since the dispersion-shifted optical fiber 
according to the present invention has an effective area 
of 50 um 2 or more, preferably -70. um 2 or more, it can 
suppress nonlinear phenomena by the same extent as 
that of the conventional dispersion-shifted optical fiber 
or more. While the absolute value of dispersion value in 
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a typical optical fiber having a zero-dispersion wave- 
length near 1.3 um becomes about 20 ps/nm/km when 
employed in WDM transmission in a 1 .5-um wavelength 
band, a certain degree of transmission quality can be 

5 guaranteed by utilization of a dispersion compensating 
technique such as that mentioned above. Therefore, the 
dispersion-shifted optical f iber according to the present 
invention has a dispersion slope of 0.15 ps/nm 2 /km or 
less with respect to light a wavelength of 1550 nm so 

w that the absolute value of dispersion value becomes 20 
ps/nm/km or less. Further, in accordance with the spec- 
ification of Bellcore, it is necessary that the bending loss 
upon bending at a diameter of 32 mm be 0.5 dB/turn or 
less. Therefore, the cutoff wavelength at a reference 

75 length of 2 m (measured by a method defined by ITU 
international standard) in the dispersion-shifted optical 
fiber according to the present invention is 1.1 um or 
more so that the bending loss at a diameter of 32 mm is 
0.5 dB/turn or less. Here, the dispersion slope refers to 

20 the gradient of a graph indicating the wavelength 
dependence of dispersion value (see, for example, Fig. 
5A). 

[0016] This dispersion-shifted optical fiber is 
employable in a WDM transmission system together 

25 with an optical amplifier such as an optical fiber ampli- 
fier whose amplification wavelength band is expanded, 
for example, to the range of 1530 nm to 1610 nm. 
Namely, even in the case where the individual light sig- 
nals included in the wavelength band of 1530 nm to 

30 1610 nm that can be amplified by the optical fiber ampli- 
fier propagate through the dispersion-shifted optical 
fiber, the occurrence of nonlinear phenomena such as 
four-wave mixing, self phase modulation, and the like is 
suppressed. Also, since the dispersion-shifted optical 

35 fiber has an excellent bending characteristic, it can real- 
ize high-quality optical transmission. 
[0017] For yielding various characteristics such as 
those mentioned above, the dispersion-shifted optical 
fiber according to the present invention can be realized 

40 by various refractive index profiles. 

[0018] For example, a desirable refractive index 
profile can be realized when the above-mentioned core 
region is constituted by a center core having a predeter- 
mined refractive index and an outer core provided on 

45 the outer periphery of the center core and having a 
refractive index lower than that of the center core. In this 
configuration, the maximum value of relative refractive 
index difference of the center core with respect to a ref- 
erence area in the cladding region is preferably 0.9% or 

so more in view of its relationship with the zero dispersion 
wavelength. 

[0019] Also, a desirable refractive index profile can 
be realized when the above-mentioned core region is 
constituted by a center core having a predetermined 
55 refractive index; an intermediate core provided on the 
outer periphery of the center core and having a refrac- 
tive index lower than that of the center core; and, an 
outer core provided on the outer periphery of the inter- 
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mediate core and having a refractive index higher than 
that of the intermediate core. In this configuration, the 
maximum value of relative refractive index difference of 
the center core with respect to the reference area in the 
cladding region is preferably 0.6% or more in view of its- 
relationship with the zero dispersion wavelength. 
[0020] Further, a desirable refractive index profile 
yielding the above-mentioned various characteristics 
can be realized when the above-mentioned core region 
is constituted by a center core having a predetermined 
refractive index and an outer core provided on the outer 
periphery of the center core and having a refractive 
index higher than that of the center core. In this config- 
uration, the maximum value of relative refractive index 
difference of the outer core with respect to the reference 
area in the cladding region is preferably 0.8% or more in 
view of its relationship with the zero dispersion wave- 
length. 

[0021] Here, the above-mentioned refractive index 
profile is represented by the relative refractive index dif- 
ference An s given by the following expression (3): 

An,- = {n r n cd )ln cd (3) 

where n cd is the refractive index of the reference area 
(Si0 2 ) in the cladding region, and n x is the refractive 
index of each part i constituting the core region. Hence, 
the relative refractive index difference An s is represented 
with reference to the average refractive index n cd of the 
reference area in the cladding region. In this specifica- 
tion, the relative refractive index difference is expressed 
in terms of percentage, and regions having a negative 
refractive index refer to those having a refractive index 
lower than that of the reference area. 
[0022] Further, in the dispersion-shifted optical fiber 
according to the present invention, the cladding region 
can comprise a depressed cladding structure consti- 
tuted by an inner cladding provided on the outer periph- 
ery of the core region, and an outer cladding provided 
on the outer periphery of the inner cladding and having 
a refractive index higher than that of the inner cladding. 
A combination of this depressed cladding structure and 
any of the core region structures mentioned above can 
realize a desirable refractive index profile. In the case of 
the depressed cladding structure, the above-mentioned 
relative refractive index difference is given while the 
above-mentioned outer cladding is employed as the ref- 
erence area. 

Brief Description of the Drawings 
[0023] 

Fig. 1 is a view showing a schematic structure of a 
cross section of a dispersion-shifted optical fiber 
according to the present invention; 
Fig. 2 is a view showing the refractive index profile 
in a first embodiment of the dispersion -shifted opti- 



cal fiber according to the present invention; 
Fig. 3 is a graph showing the relationship between 
bending loss and cutoff wavelength in the disper- 
sion-shifted optical fiber according to the first 
embodiment; 

Fig. 4 is a graph showing the relationship between 
the zero-dispersion wavelength and the relative 
refractive index difference of the center core in the 
dispersion-shifted optical fiber according to the first 
embodiment; 

Fig. 5A is a graph showing the dispersion charac- 
teristic (wavelength dependence) of an optical fiber 
having a zero-dispersion wavelength near 1.3 jim, 
whereas Fig. 5B is a graph showing the dispersion 
characteristic (wavelength dependence) of the dis- 
persion-shifted optical fiber according to the 
present invention; 

Fig. 6 is a view showing the refractive index profile 
in a second embodiment of the dispersion-shifted 
optical fiber according to the present invention; 
Fig. 7 is a view showing the refractive index profile 
in a third embodiment of the dispersion-shifted opti- 
cal fiber according to the present invention; 
Fig. 8 is a view showing the refractive index profile 
in a fourth embodiment of the dispersion-shifted 
optical fiber according to the present invention; 
Fig. 9 is a view showing the refractive index profile 
in a fifth embodiment of the dispersion-shifted opti- 
cal fiber according to the present invention; 
Fig. 10 is a view showing the refractive index profile 
in a sixth embodiment of the dispersion-shifted opti- 
cal fiber according to the present invention; 
Fig. 11 is a view showing the refractive index profile 
in a seventh embodiment of the dispersion-shifted 
optical fiber according to the present invention; 
Fig. 12 is a view showing the refractive index profile 
in an eighth embodiment of the dispersion-shifted 
optica! fiber according to the present invention; 
Fig. 13 is a view showing the refractive index profile 
in a ninth embodiment of the dispersion-shifted 
optical fiber according to the present invention; and 
Fig. 14 is a table listing various characteristics of 
the dispersion-shifted optical fibers according to the 
first to ninth embodiments. 

Best Mode for Carrying Out the Invention 

[0024] In the following, individual embodiments of 
the dispersion-shifted optical fiber according to the 
present invention will be explained with reference to 
Figs. 1 to 4, 5A r 5B, and 6 to 14. In the explanation of 
the drawings, constituents identical to each other will be 
referred to with numerals or letters identical to each 
other without repeating their overlapping descriptions. 
[0025] As shown in Fig. 1 , a dispersion-shifted opti- 
cal fiber 100 according to the present invention is a sin- 
gle-mode optical fiber which comprises a core region 
100 A extending along a predetermined axis and having 
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an outside diameter a. and a cladding region 100B pro- 
vided on the outer periphery of the core region 100A 
and having an outside diameter b. and has a zero-dis- 
persion wavelength set to 1610 nm or more but 1670 
nm or less. This dispersion-shifted optical fiber 100 has 5 
a cutoff wavelength of 1.1 urn or more at a reference 
length of 2 m (according to the ITU international stand- 
ard) and has, with respect to light having a wavelength 
of 1550 nm, an effective area of 50 jam 2 or more, prefer- 
ably 70 jam 2 or more, and a dispersion slope of 0.15 w 
ps/nm 2 /km or less. As shown in first to ninth embodi- 
ments which will be mentioned later, each of the above- 
mentioned core region 100A and cladding region 100B 
can be constituted by a plurality of glass areas having 
refractive indices different from each other. 75 
[0026] The zero-dispersion wavelength of the dis- 
persion-shifted optical fiber 100 according to the 
present invention is set outside the wavelength band of 
1530 nm to 1610 nm, in which each light signal can be 
amplified when an optical fiber amplifier having an 20 
expanded amplification wavelength band is employed in 
a WDM transmission system, and on the longer wave- 
length band side from this amplification wavelength 
band. Therefore, the occurrence of four-wave mixing is 
effectively suppressed. Also, since the upper limit of the 25 
zero-dispersion wavelength of the dispersion-shifted 
optical fiber 100 is 1670 nm, whereas the upper limit of 
its dispersion slope is 0.15 ps/nm 2 /km, the absolute 
value of dispersion of the dispersion-shifted optical fiber 
100 can be suppressed to 21 ps/nm/km or less in the 30 
amplification wavelength band of the optical fiber, 1530 
nm to 1 610 nm, because of the reason that will be men- 
tioned later. As a consequence, the interaction between 
the self phase modulation and the dispersion of the dis- 
persion-shifted optical fiber 100 can sufficiently be low- 35 
ered by a dispersion-compensating technique. Also, 
since the effective area is 50 um 2 or more, preferably 70 
urn 2 or more, the power density of each light signal 
propagating through the dispersion -shifted optical fiber 
100 is kept low, whereby the occurrence of nonlinear 40 
phenomena is suppressed. Further, since the cutoff 
wavelength at 2 m is 1.1 jam or more, this dispersion- 
shifted optical fiber has an excellent bending character- 
istic. Therefore, WDM transmission systems employing 
the dispersion-shifted optical fiber 100 according to the 45 
present invention enable high-quality optical transmis- 
sions even when an optical fiber amplifier having an 
expanded amplification wavelength band is employed 
therein. 

[0027] Nine embodiments of the dispersion-shifted so 
optical fiber 100 according to the present invention will 
now be explained. Here, each of the dispersion -shifted 
optical fibers according to the first and second embodi- 
ments has a refractive index profile of a double core 
structure. Each of the dispersion-shifted optical fibers 55 
according to the third to fifth embodiments has a multi- 
layer core structure. Each of the dispersion-shifted opti- 
cal fibers according to the sixth and seventh 



embodiments has a ring core structure. The dispersion- 
shifted optical fiber according to the eighth embodiment 
has a refractive index profile in which a depressed clad- 
ding structure and a ring core structure are combined 
together. The dispersion-shifted optical fiber according 
to the ninth embodiment has a refractive index profile of 
a double ring core structure. 

First Embodiment 

[0028] Fig. 2 is a view showing the refractive index 
profile of the dispersion-shifted optical fiber according to 
the first embodiment. This refractive index profile 110 
corresponds to the refractive index of each part on a line 
L passing the center axis O of the dispersion-shifted 
optical fiber 100 shown in Fig. 1. 

[0029] As with the dispersion -shifted optical fiber 
100 shown in Fig. 1, the dispersion-shifted optical fiber 
according to the first embodiment comprises a core 
region having an outside diameter a and a cladding 
region having an outside diameter b. The core region 
(corresponding to the core region 100A in Fig. 1) has a 
double core structure constituted by a center core hav- 
ing a maximum refractive index n A and an outer core 
provided so as to surround the outer periphery of the 
center core and having a refractive index n 2 (< n^. The 
cladding region (corresponding to the cladding region 
100B in Fig. 1), which is provided so as to surround the 
outer periphery of the core region, has a refractive index 
n 3 ( <n 2). whereby the respective refractive indices of the 
individual regions have the relationship in terms of mag- 
nitude of n 3 < n 2 < n-j. 

[0030] The outside diameter a t of the center core is 
3.3 um, the outside diameter a 2 (equal to the outside 
diameter a of the core region) of the outer core sur- 
rounding the center core is 20.8 urn and the outside 
diameter b of the cladding region surrounding the outer 
core is 125 t um. The relative refractive index difference 
of each region is given by expression (3) while the clad- 
ding region having the refractive index n 3 is employed 
as the reference area, whereby the maximum value An 1 
of relative refractive index difference of the center core 
with respect to the cladding region is +1 .2%, and the rel- 
ative refractive index difference An 2 of the outer core 
with respect to the cladding region is +0.12%. 
[0031] Upon measurement of various characteris- 
tics of the dispersion-shifted optical fiber according to 
the first embodiment, the zero-dispersion wavelength, 
the cutoff wavelength at a length of 2 m, and the bend- 
ing loss at a diameter of 32 mm were 1645 nm, 1 .46 ( um, 
and 0.01 dB/turn, respectively. Also, with respect to light 
having a wavelength of 1550 nm, the effective area and 
the dispersion slope were 56 um 2 and 0.13 ps/nm 2 /km, 
respectively. 

[0032] Fig. 3 is a graph showing the relationship 
between the bending loss (dB/turn) at a diameter of 32 
mm and the cutoff wavelength (jam) at a length of 2 m in 
the dispersion-shifted optical fiber according to the 
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present invention. This graph is the result of measure- 
ment in the state where the effective area and zero-dis- . 
persion wavelength were set within the ranges of 53 ± 3 
urn 2 and 1645 ± 20 nm, respectively, showing the rela- 
tionship between the cutoff wavelength and bending 5 
loss when the cutoff wavelength was successively 
changed as the shape of refractive index profile shown 
in Fig. 2 was slightly altered. 

[0033] For example, the bending loss at a diameter 
of 32 mm is 0.5 dB/turn or less according to the specrfi- jo 
cation proposed by Bellcore. Therefore, in order to sat- 
isfy the specification of Bellcore, it is necessary for the 
cutoff wavelength at a length of 2 m to be 1.1 urn or 
more as can be seen from Fig. 3. Here, the bending loss 
is expressed in terms of the value per turn of the trans- is 
mission loss measured when a plurality of turns of the 
optical fiber to be measured are wound about a mandrel 
having a diameter of 32 mm. 

[0034] Ingeneral, while the dispersion characteris- 
tic of the optical fiber is expressed by the sum of mate- 20 
rial dispersion and waveguide dispersion (structural 
dispersion), it has been known that, when the material 
dispersion is taken into account, the zero-dispersion 
wavelength shifts toward the longer wavelength side as 
a greater amount of Ge0 2 is included. Therefore, the 25 
zero-dispersion wavelength can easily be shifted toward 
the longer wavelength side if the Ge0 2 concentration is 
made higher in an area with a higher optical power (e.g., 
the center core in the case of a double core structure or 
the outer core in the case of a ring core structure), i.e., 30 
if the relative refractive index difference of this area with 
respect to the cladding region (reference area) is made 
greater. Fig. 4 is a graph showing the relationship 
between the zero-dispersion wavelength and the rela- 
tive refractive index difference of the area having the 35 
highest refractive index (the center core in the first 
embodiment) in the dispersion -shifted optical fiber 
according to the first embodiment. This graph shows the 
change in zero-dispersion wavelength when the relative 
refractive index difference An 2 of the outer core (refrac- 40 
five index n 2 ) with respect to the cladding region (refrac- 
tive index n 3 ) acting as the reference area (given by 
expression (3)). and the ratio (a-^) of the outside 
diameter of the center core to the outside diameter a 2 
of the outer core in the core region are held constant. 45 
However, the outside diameter a 2 of the outer core is 
changed such that the effective area becomes 56 urn 2 . 
[0035] As can also be seen from the graph of Fig. 4, 
the maximum value An 1 of relative refractive index dif- 
ference of the center core with respect to the cladding so 
region is needed to be 0.9% or more in the first embod- 
iment in order to set the zero-dispersion wavelength to 
1610 nm or more. 

[0036] While a typical optical fiber (optical fiber for 
light signals in the 1 .3-urn band) has a zero-dispersion 55 
wavelength which is set near 1310 nm, it can also trans- 
mit light signals in the 1.5-um band by utilizing the 
above-mentioned dispersion-compensating technique. 



In this case, while a dispersion of about +17 ps/nm/km 
occurs with respect to light signals in the 1 .5-,um band in 
this typical optical fiber (see Fig. 5A), there will con- 
versely be no practical problems if the absolute value of 
dispersion value is suppressed to this level. If this theory 
is applied to the dispersion-shifted optical fiber accord- 
ing to this embodiment, then it can be seen that, as 
shown in Fig. 5B, a sufficient transmission quality is 
secured when the dispersion slope is set to 0.15 
ps/nm 2 /km or less (about -21 ps/nm/km at the maximum 
in the signal wavelength band in this embodiment) even 
in the case where the zero-dispersion wavelength is set 
on the longer wavelength side from the signal wave- 
length band. 

Second Embodiment 

[0037] Fig. 6 is a view showing the refractive index 
profile of the dispersion-shifted optical fiber according to 
the second embodiment. This refractive index profile 
120 corresponds to the refractive index of each part on 
the line L passing the center axis O of the dispersion- 
shifted optical fiber 100 shown in Fig. 1. 
[0038] As with the dispersion-shifted optical fiber 
100 shown in Fig. 1, the dispersion-shifted optical fiber 
according to the second embodiment comprises a core 
region having an outside diameter a and a cladding 
region having an outside diameter b. The core region 
(corresponding to the core region 100A in Fig. 1) has a 
double core structure constituted by a center core hav- 
ing a maximum refractive index n-j and an outer core 
provided so as to surround the outer periphery of the 
center core and having a refractive index n 2 (< n.,). The 
cladding region (corresponding to the cladding region 
100B in Fig. 1), which is provided so as to surround the 
outer periphery of the core region, has a refractive index 
n 3 (< n 2)- whereby the respective refractive indices of 
the individual regions have the relationship in terms of 
magnitude of n 3 < n 2 < n v 

[0039] The outside diameter a 1 of the center core is 
2.8 urn, the outside diameter a 2 (equal to the outside 
diameter a of the core region) of the outer core sur- 
rounding the center core is 23.6 nm, and the outside 
diameter b of the cladding region surrounding the outer 
core is 125 jim. The relative refractive index difference 
of each region is given by expression (3) while the clad- 
ding region having the refractive index n 3 is employed 
as the reference area, whereby the maximum value An 1 
of relative refractive index difference of the center core 
with respect to the cladding region is +1 .4%, and the rel- 
ative refractive index difference An 2 of the outer core 
with respect to the cladding region is +0.12%. 
[0040] Upon measurement of various characteris- 
tics of the dispersion-shifted optical fiber according to 
the second embodiment, the zero-dispersion wave- 
length, the cutoff wavelength at a length of 2 m, and the 
bending loss at a diameter of 32 mm were 1628 nm, 
1.59 um. and 0.12 dB/turn, respectively. Also, with 
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respect to light having a wavelength of 1550 nm, the 
effective area and the dispersion slope were 71 urn 2 
and 0.14 ps/nm 2 /km, respectively. 

Third Embodiment 5 

[0041] Fig. 7 is a view showing the refractive index 
profile of the dispersion-shifted optical fiber according to 
the third embodiment. This refractive index profile 130 
corresponds to the refractive index of each part on the to 
line L passing the center axis O of the dispersion-shifted 
optical fiber 100 shown in Fig. 1. 

[0042] As with the dispersion-shifted optical fiber 
100 shown in Fig. 1, the dispersion-shifted optical fiber 
according to the third embodiment comprises a core 15 
region having an outside diameter a and a cladding 
region having an outside diameter b. The core region 
(corresponding to the core region 100A in Fig. 1) has a 
multilayer core structure constituted by a center core 
having a maximum refractive index a,; an intermediate 20 
core provided so as to surround the outer periphery of 
the center core and having a refractive index n 2 (< n-j); 
and an outer core provided so as to surround the outer 
periphery of the intermediate core and having a refrac- 
tive index n 3 (> n 2 . < r^). The cladding region (corre- 25 
spending to the cladding region 100B in Fig. 1), which is 
provided so as to surround the outer periphery of the 
core region, has a refractive index n 4 (= n 2 ), whereby 
the respective refractive indices of the individual regions 
have the relationship in terms of magnitude of 30 
n 2 = n 4 < n 3 < n 1 . It is not always necessary for the 
refractive index n? of the intermediate core and the 
refractive index n 4 of the cladding region to coincide 
with each other. 

[0043] The outside diameter a 1 of the center core is 35 
4.2 urn, the outside diameter a 2 (equal to the outside 
diameter a of the core region) of the outer core sur- 
rounding the center core is 14.6 ^m, the outside diame- 
ter a 3 of the intermediate core positioned between the 
center core and the outer core is 9.9 um, and the out- 40 
side diameter b of the cladding region surrounding the 
outer core is 125 um. The relative refractive index differ- 
ence of each region is given by expression (3) while the 
cladding region having the refractive index n 4 is 
employed as the reference area, whereby the maximum 45 
value An 1 of relative refractive index difference of the 
center core with respect to the cladding region is +1.1%. 
and the relative refractive index difference An 3 of the 
outer core with respect to" the cladding region is 
+0.26%. 50 
[0044] Upon measurement of various characteris- 
tics of the dispersion-shifted optical fiber according to 
the third embodiment, the zero-dispersion wavelength, 
the cutoff wavelength at a length of 2 m, and the bend- 
ing loss at a diameter of 32 mm were 1 654 nm, 1 .35 um, 55 
and 0.08 dB/turn, respectively. Also, with respect to light 
having a wavelength of 1550 nm. the effective area and 
the dispersion slope were 57 um 2 and 0.15 ps/nm 2 /km. 
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respectively. 
Fourth Embodiment 

[0045] Fig. 8 is a view showing the refractive index 
profile of the dispersion-shifted optical fiber according to 
the fourth embodiment. This refractive index profile 140 
corresponds to the refractive index of each part on the 
line L passing the center axis O of the dispersion-shifted 
optical fiber 100 shown in Fig. 1. 

[0046] As with the dispersion-shifted optical fiber 
100 shown in Fig. 1, the dispersion-shifted optical fiber 
according to the fourth embodiment comprises a core 
region having an outside diameter a and a cladding 
region having an outside diameter b. The core region 
(corresponding to the core region 100A in Fig. 1) has a 
multilayer core structure constituted by a center core 
having a maximum refractive index n-i; an intermediate 
core provided so as to surround the outer periphery of 
the center core and having a refractive index n 2 (< n^; 
and an outer core provided so as to surround the outer 
periphery of the intermediate core and having a refrac- 
tive index n 3 (> n 2 , < n-,). The cladding region (corre- 
sponding to the cladding region 100B in Fig. 1), which is 
provided so as to surround the outer periphery of the 
core region, has a refractive index n 4 (= n 2 ). whereby 
the respective refractive indices of the individual regions 
have the relationship in terms of magnitude of 
n 2 = n 4 <n 3 <n 1 .ltisnot always necessary for the 
refractive index n 2 of the intermediate core and the 
refractive index n 4 of the cladding region to coincide 
with each other. 

[0047] The outside diameter a 1 of the center core is 
3.8 um, the outside diameter a 2 (equal to the outside 
diameter a of the core region) of the outer core sur- 
rounding the center core is 13.8 urn, the outside diame- 
ter a 3 of the intermediate core positioned between the 
center core and the outer core is 9.7 um, and the out- 
side diameter b of the cladding region surrounding the 
outer core is 1 25 urn. The relative refractive index differ- 
ence of each region is given by expression (3) while the 
cladding region having the refractive index n 4 is 
employed as the reference area, whereby the maximum 
value An-, of relative refractive index difference of the 
center core with respect to the cladding region is +1 .2%, 
and the relative refractive index difference An 3 of the 
outer core with respect to the cladding region is 
+0.34%. 

[0048] Upon measurement of various characteris- 
tics of the dispersion-shifted optical fiber according to 
the fourth embodiment, the zero<Jispersion wavelength, 
the cutoff wavelength at a length of 2 m, and the bend- 
ing loss at a diameter of 32 mm were 1624 nm, 1 .45 am, 
and 0.13 dB/turn, respectively. Also, with respect to light 
having a wavelength of 1550 nm, the effective area and 
the dispersion slope were 71 um 2 and 0.15 ps/nm 2 /Km, 
respectively. 
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Fifth Embodiment 
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Sixth Embodiment 



[0049] Fig. 9 is a view showing the refractive index 
profile of the dispersion-shifted optical fiber according to 
the fifth embodiment. This refractive index profile 150 
corresponds to the refractive index of each part on the 
line L passing the center axis O of the dispersion-shifted 
optical fiber 100 shown in Fig. 1. 

[0050] As with the dispersion-shifted optical fiber 
100 shown in Fig. 1, the dispersion-shifted optical fiber 
according to the fifth embodiment comprises a core 
region having an outside diameter a and a cladding 
region having an outside diameter b. The core region 
(corresponding to the core region 100 A in Fig. 1) has a 
multilayer core structure constituted by a center core 
having a maximum refractive index n^ an intermediate 
core provided so as to surround the outer periphery of 
the center core and having a refractive index n 2 (< n^; 
and an outer core provided so as to surround the outer 
periphery of the intermediate core and having a refrac- 
tive index n 3 (> n 2 , < n^. The cladding region (corre- 
sponding to the cladding region 1 00B in Fig. 1 ). which is 
provided so as to surround the outer periphery of the 
core region, has a refractive index n 4 (= n 2 ). whereby 
the respective refractive indices of the individual regions 
have the relationship in terms of magnitude of 
n 2 =n 4 <n 3 <n 1 .ltis not always necessary for the 
refractive index n 2 of the intermediate core and the 
refractive index n 4 of the cladding region to coincide 
with each other. 

[0051] The outside diameter a^ of the center core is 
5.9 jam, the outside diameter a 2 (equal to the outside 
diameter a of the core region) of the outer core sur- 
rounding the center core is 21 .0 urn, the outside diame- 
ter a 3 of the intermediate core positioned between the 
center core and the outer core is 12.6 um, and the out- 
side diameter b of the cladding region surrounding the 
outer core is 125 urn. The relative refractive index differ- 
ence of each region is given by expression (3) while the 
cladding region having the refractive index n 4 is 
employed as the reference area, whereby the maximum 
value An t of relative refractive index difference of the 
center core with respect to the cladding region is +0.8%, 
and the relative refractive index difference An 3 of the 
outer core with respect to the cladding region is 
+0.19%. 

[0052] Upon measurement of various characteris- 
tics of the dispersion-shifted optical fiber according to 
the fifth embodiment the zero-dispersion wavelength, 
the cutoff wavelength at a length of 2 m. and the bend- 
ing loss at a diameter of 32 mm were 1 653 nm, 1 .68 ^m, 
and 0.03 dB/turn, respectively. Also, with respect to light 
having a wavelength of 1550 nm, the effective area and 
the dispersion slope were 56 jam 2 and 0.08 ps/nm 2 /km, 
respectively. 



[0053] Fig. 10 is a view showing the refractive index 
profile of the dispersion-shifted optical fiber according to 
s the sixth embodiment. This refractive index profile 160 
corresponds to the refractive index of each part on the 
line L passing the center axis O of the dispersion-shifted 
optical fiber 100 shown in Fig. 1. 

[0054] As with the dispersion -shifted optical fiber 
10 100 shown in Fig. 1. the dispersion-shifted optical fiber 
according to the sixth embodiment comprises a core 
region having an outside diameter a and a cladding 
region having an outside diameter b. The core region 
(corresponding to the core region 100 A in Fig. 1) has a 
is ring core structure constituted by a center core having a 
refractive index and an outer core provided so as to 
surround the outer periphery of the center core and hav- 
ing a refractive index n 2 (> n^. The cladding region (cor- 
responding to the cladding region 100B in Fig. 1), which 
20 is provided so as to surround the outer periphery of the 
core region, has a refractive index n 3 (> n 1( < n 2 ). 
whereby the respective refractive indices of the individ- 
ual regions have the relationship in terms of magnitude 
of n-j < n 3 < n 2 . 

25 [0055] The outside diameter a^ of the center core is 
3.4 jam, the outside diameter a 2 (equal to the outside 
diameter a of the core region) of the outer core sur- 
rounding the center core is 5.8 ,um, and the outside 
diameter b of the cladding region surrounding the outer 

30 core is 125 urn. The relative refractive index difference 
of each region is given by expression (3) while the clad- 
ding region having the refractive index n 3 is employed 
as the reference area, whereby the relative refractive 
index difference An 3 of the center core with respect to 

35 the cladding region is -0.6%. and the maximum value 
An 4 of relative refractive index difference of the outer 
core with respect to the cladding region is +1 .5%. 
[0056] Upon measurement of various characteris- 
tics of the dispersion-shifted optical fiber according to 

40 the sixth embodiment, the zero-dispersion wavelength, 
the cutoff wavelength at a length of 2 m, and the bend- 
ing loss at a diameter of 32 mm were 1634 nm, 1 .58 urn, 
and 5 x 10" 10 dB/turn, respectively. Also, with respect to 
light having a wavelength of 1550 nm, the effective area 

45 and the dispersion slope were 53 um 2 and 0.09 
ps/nm 2 /km, respectively. 

Seventh Embodiment 

so [0057] Fig. 11 is a view showing the refractive index 
profile of the dispersion-shifted optical fiber according to 
the seventh embodiment. This refractive index profile 
170 corresponds to the refractive index of each part on 
the line L passing the center axis O of the dispersion- 

55 shifted optical fiber 100 shown in Fig. 1. 

[0058] As with the dispersion-shifted optical fiber 
100 shown in Fig. 1. the dispersion-shifted optical fiber 
according to the seventh embodiment comprises a core 
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region having an outside diameter a and a cladding 
region having an outside diameter b. The core region 
(corresponding to the core region 100 A in Fig. 1) has a 
ring core structure constituted by a center core having a 
refractive index n-, and an outer core provided so as to 5 
surround the outer periphery of the center core and hav- 
ing a refractive index n 2 (> n^. The cladding region (cor- 
responding to the cladding region 100B in Fig. 1), which 
is provided so as to surround the outer periphery of the 
core region, has a refractive index n 3 (> n 1( < n 2 ), 70 
whereby the respective refractive indices of the individ- 
ual regions have the relationship in terms of magnitude 
of n 1 < n 3 < n 2 . 

[0059] The outside diameter a-, of the center core is 
4.4 ujti, the outside diameter a 2 (equal to the outside 15 
diameter a of the core region) of the outer core sur- 
rounding the center core is 6.6 urn, and the outside 
diameter b of the cladding region surrounding the outer 
core is 125 /am. The relative refractive index difference 
of each region is given by expression (3) while the clad- 20 
ding region having the refractive index n 3 is employed 
as the reference area, whereby the relative refractive 
index difference An 3 of the center core with respect to 
the cladding region is -0.6%, and the maximum value 
An 4 of relative refractive index difference of the outer 25 
core with respect to the cladding region is +1.5%. 
[0060] Upon measurement of various characteris- 
tics of the dispersion-shifted optical fiber according to 
the seventh embodiment, the zero-dispersion wave- 
length, the cutoff wavelength at a length of 2 m, and the 30 
bending loss at a diameter of 32 mm were 1658 nm, 
1.60 |im, and 3 x 10" 5 dB/turn. respectively. Also, with 
respect to light having a wavelength of 1550 nm, the 
effective area and the dispersion slope were 73 jim 2 
and 0.09 ps/nm 2 /km, respectively. 
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Eighth Embodiment 



the outer periphery of the outer core and having a 
refractive index n 3 (= n^. and an outer cladding pro- 
vided so as to surround the outer periphery of the inner 
cladding and having a refractive index n 4 (> n 3 , < n 2 ). As 
a consequence, the respective refractive indices of the 
individual regions have the relationship in terms of mag- 
nitude of n 1 - n 3 < n 4 < n 2 . It is not always neces- 
sary for the refractive index n 1 of the center core and the 
refractive index n 3 of the inner cladding to coincide with 
each other. 

[0063] The outside diameter a 1 of the center core is 
4.6 jim, whereas the outside diameter a 2 (equal to the 
outside diameter a of the core region) of the outer core 
surrounding the center core is 7.5 ^m. On the other 
hand, the outside diameter b n of the inner cladding sur- 
rounding the outer core is 1 1 .2 urn, whereas the outside 
diameter b of the whole cladding region (equal, to the 
outside diameter of the outer cladding) is 1 25 um. The 
relative refractive index difference of each region is 
given by expression (3) while the outer cladding having 
the refractive index n 4 is employed as the reference 
area, whereby the relative refractive index difference 
An 5 of the center core with respect to the outer cladding 
is -0.4%, the maximum value An 5 of relative refractive 
index difference of the outer core with respect to the 
outer cladding region is +1.2%, and the relative refrac- 
tive index difference An 7 of the inner cladding with 
respect to the outer cladding is -0.4%. 
[0064] Upon measurement of various characteris- 
tics of the dispersion-shifted optical fiber according to 
the eighth embodiment, the zero-dispersion wave- 
length, the cutoff wavelength at a length of 2 m, and the 
bending loss at a diameter of 32mm were 1663 nm, 
1.52 urn, and 4 x 10" 4 dB/turn. respectively. Also, with 
respect to light having a wavelength of 1550 nm, the 
effective area and the dispersion slope were 70 urn 2 
and 0.08 ps/nm 2 /km, respectively. 



[0061 ] Fig. 12 is a view showing the refractive index 
profile of the dispersion-shifted optical fiber according to 40 
the eighth embodiment. This refractive index profile 180 
corresponds to the refractive index of each part on the 
line L passing the center axis O of the dispersion-shifted 
optical fiber 100 shown in Fig. 1. 

[0062] As with the dispersion-shifted optical fiber 45 
100 shown in Fig. 1, the dispersion-shifted optical fiber 
according to the eighth embodiment comprises a core 
region having an outside diameter a and a cladding 
region having an outside diameter b. The core region 
(corresponding to the core region 100A in Fig. 1) has a so 
ring core structure constituted by a center core having a 
refractive index and an outer core provided so as to 
surround the outer periphery of the center core and hav- 
ing a refractive index n 2 (> n^. The cladding region (cor- 
responding to the cladding region -100B in Fig. 1), which 55 
is provided so as to surround the outer periphery of the 
core region, has a depressed cladding structure consti- 
tuted by an inner cladding provided so as to surround 



Ninth Embodiment 

[0065] Fig. 13 is a view showing the refractive index 
profile of the dispersion-shifted optical fiber according to 
the ninth embodiment. This refractive index profile 190 
corresponds to the refractive index of each part on the 
line L passing the center axis O of the dispersion-shifted 
optical fiber 100 shown in Fig. 1. 

[0066] As with the dispersion-shifted optical fiber 
100 shown in Fig. 1, the dispersion-shifted optical fiber 
according to the ninth embodiment comprises a core 
region having an outside diameter a and a cladding 
region having an outside diameter b. The core region 
(corresponding to the core region 100A in Fig. 1) has a 
ring core structure constituted by a center core having a 
refractive index ; a first intermediate core provided so 
as to surround the outer periphery of the center core 
and having a refractive index n 2 (>n 1 ), a second inter- 
mediate core provided so as to surround the outer 
periphery of the first intermediate core and having a 
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refractive index n 3 (= n^. and an outer core provided so 
as to surround the outer periphery of the second inter- 
mediate core and having a refractive index n 4 (>n 3 , 
<n 2 ). The cladding region (corresponding to the clad- 
ding region 100B in Fig. 1), which is provided so as to 5 
surround the outer periphery of the core region, has a 
refractive index n 5 (> n 3 , < n 4 ). As a consequence, the 
respective refractive indices of the individual regions 
have the relationship in terms of magnitude of 
n 1 = n 3 <n 5 <n 4 < n 2 . It is not always necessary for 70 
the refractive index n-, of the center core and the refrac- 
tive index n 3 of the second intermediate core to coincide 
with each other. 

[0067] The outside diameter a 1 of the center core is 
5.7 fim, the outside diameter a 2 (equal to the outside 15 
diameter a of the core region) of the outer core sur- 
rounding the center core is 19.1 jim, the outside diame- 
ter a 3 of the first intermediate core provided between 
the center core and the outer core is 9.6 y.m, and the 
outside diameter a 4 of the second intermediate core 20 
provided between the first intermediate core and the 
outer core is 16.2 urn. On the other hand, the outside 
diameter b of the cladding surrounding the outer core is 
125 urn. The relative refractive index difference of each 
region is given by expression (3) while the cladding 25 
region having the refractive index n 5 is employed as the 
reference area, whereby the relative refractive index dif- 
ference An 5 of the center core and second intermediate 
core with respect to the cladding region is -1.0%, the 
maximum value An 5 of relative refractive index differ- 30 
ence of the first intermediate core with respect to the 
cladding region is +0.95%, and the relative refractive 
index difference An 7 of the outer cladding with respect 
to the cladding region is +0.4%. 

[0068J Upon measurement of various characteris- 35 
tics of the dispersion-shifted optical fiber according to 
the ninth embodiment, the zero-dispersion wavelength, 
the cutoff wavelength at a length of 2 m, and the bend- 
ing loss at a diameter of 32 mm were 1 625 nm, 1 .68 ixtn, 
and 4 x 10' 4 dB/turn, respectively. Also, with respect to 40 
light having a wavelength of 1550 nm, the effective area 
and the dispersion slope were 94 jim 2 and 0.07 
ps/nm 2 /km, respectively. 

[0069] Fig. 14 is a table listing various characteris- 
tics of the dispersion-shifted optical fibers according to 45 
the first to ninth embodiments explained in the forego- 
ing. Each of the dispersion-shifted optical fibers accord- 
ing to these embodiments has a zero-dispersion 
wavelength of 1610 nm or more" but 1670 nm or less, 
and a cutoff wavelength of 1 .1 pm or more at a length of so 
2 m, and has, with respect to light having a wavelength 
of 1550 nm, an effective area of 50 um 2 or more and a 
dispersion slope of 0.15 ps/nm 2 /km or less. 
[0070] Therefore, each of the dispersion-shifted 
optical fibers is employable in WDM .transmission sys- 55 
terns including an optical fiber amplifier adapted to 
amplify light signals in a wavelength band of 1530 nm to 
1610 nm, and effectively suppresses the occurrence of 



nonlinear phenomena such as four-wave mixing, self 
phase modulation, and the like, thereby realizing high- 
quality optical transmission. In particular, each of the 
dispersion-shifted optical fibers according to the sec- 
ond, fourth, and seventh to ninth embodiments has an 
effective area of 70 um 2 or more, thus allowing the light 
signals propagating through the dispersion -shifted opti- 
cal fiber to keep the power density at a lower level, 
thereby being able to further suppress the occurrence of 
nonlinear phenomena. 

[0071] Also, each of the dispersion-shifted optical 
fibers has an excellent bending characteristic. Here, 
each of the dispersion-shifted optical fibers according to 
the fifth and ninth embodiments has a cutoff wavelength 
longer than the signal wavelength. In view of the fact 
that the actual transmission distance of light signals is 
several hundreds to several thousands of kilometers, 
there are no problems since higher-order modes atten- 
uate. 

[0072] Without being restricted to the above-men- 
tioned embodiments, the present invention can be mod- 
ified in various manners. For instance, each of Figs. 2 
and 6 to 13 just shows an example of refractive index 
profiles, and various other shapes can be employed as 
the refractive index profile for realizing the dispersion- 
shifted optical fiber according to the present invention. 

Industrial Applicability 

[0073] As in the foregoing, the dispersion-shifted 
optical fiber according to the present invention has a 
zero-dispersion wavelength of 1610 nm or more but 
1670 nm or less, and a cutoff wavelength of 1.1 \xrr\ or 
more at a length of 2 m, and has. with respect to light 
having a wavelength of 1550 nm, an effective area of 50 
jam 2 or more and a dispersion slope of 0.15 ps/nm 2 /km 
or less. Therefore, even in the case where each light 
signal belonging in the wavelength band of 1530 nm to 
1610 nm that can optically be amplified by an optical 
fiber amplifier having an expanded amplification wave- 
length band propagates through this dispersion-shifted 
optical fiber, the occurrence of nonlinear phenomena 
such as four-wave mixing, self phase modulation, and 
the like is effectively suppressed. Also, since the disper- 
sion-shifted optical fiber according to the present inven- 
tion has an excellent bending characteristic, high- 
performance optical transmission can sufficiently be 
realized over a wide band. 

[0074] In the case where the effective area is 70 
jim 2 or more, the power density of each light signal 
propagating through the dispersion-shifted optical fiber 
is kept lower, whereby the occurrence of nonlinear phe- 
nomena is further effectively suppressed, and higher- 
quality optical transmission can be realized. 

Claims 

1. A dispersion-shifted optical fiber comprising a core 



10 



19 EP 1 037 074 A1 20 

region extending along a predetermined axis and a reference area in said cladding region is 0.8% or 

cladding region provided on the outer periphery of more, 
said core region and having a zero-dispersion 
wavelength of 1610 nm or more but 1670 nm or 
less; 5 

said dispersion-shifted optical fiber having: 
a cutoff wavelength of 1.1 nm or more at a 
length of 2 m; 

an effective area of 50 jam 2 or more with w 
respect to light having a wavelength of 1550 
nm; and 

a dispersion slope of 0.15ps/nm 2 /km or less 
with respect to light having a wavelength of 
1550 nm. is 

2. A dispersion-shifted optical fiber according to claim 
1 , having an effective area of 70 ^irn 2 or more. 



3. A dispersion-shifted optical fiber according to claim 20 
1, wherein said core region comprises a center 
core having a predetermined refractive index, and 
an outer core provided on the outer periphery of 
said center core and having a lower refractive index 
than said center core. 25 



4. A dispersion-shifted optical fiber according to claim 
3, wherein the maximum value of relative refractive 
index difference of said center core with respect to 

a reference area in said cladding region is 0.9% or 30 
more. 

5. A dispersion-shifted optical fiber according to claim 
1, wherein said core region comprises a center 
core having a predetermined refractive index; an .35 
intermediate core provided on the outer periphery 

of said center core region and having a refractive 
index lower than that of said center core; and an 
outer core provided on the outer periphery of said 
intermediate core and having a higher refractive 40 
index than said intermediate core. 



6. A dispersion-shifted optical fiber according to claim 
5, wherein the maximum value of relative refractive 
index difference of said center core with respect to 45 
a reference area in said cladding region is 0.6% or 
more. 



7. A dispersion-shifted optical fiber according to claim 

1, wherein said core region comprises a center so 
core having a predetermined refractive index; and 
an outer core provided on the outer periphery of 
said center core and having a higher refractive 
index than said center core. 

55 

8. A dispersion-shifted optical fiber according to claim 
7, wherein the maximum value of relative refractive 
index difference of said outer core with respect to a 
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Fig.12 
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